The opportunities to explore physics beyond the Standard Model in the B meson system are described. After denoting some overall features which are generic consequences of the search for new physics, we concentrate on the e ects of new interactions in avor changing neutral current transitions, focusing on supersymmetry and the left-right symmetric model as speci c examples of new physics scenarios.
Overview
The B-meson system promises to yield a fertile testing ground of the Standard Model (SM). With the impressive start-up of the SLAC and KEK B-Factories, as well as the large data samples which will be acquired over the next decade at CESR, the Tevatron, and the LHC, the SM willed be probed at an unprecedented level of precision. It is well-known that precision measurements of low-energy processes can provide insight t o v ery high energy scales via the indirect e ects of new interactions. As such, the B sector o ers a complementary probe of new physics, and in some cases may yield constraints which surpass those from direct collider searches or exclude entire classes of models.
The existence of new physics may modify the low-energy e ective Hamiltonian governing B decays by (i) giving new contributions to the SM operators,
(ii) generating new operators, or (iii) with the presence of new CP violating phases. In fact, calculations 1 of electroweak baryogenesis within the SM show that the produced baryon asymmetry is too small by m a n y orders of magnitude and hence suggests that new CP violating phases must exist in nature. However, new physics cannot change properties that we know to be true, such as a C P ( K s ) = ;a C P ( K L ), and is unlikely to compete in processes which receive large SM contributions, such a s B(b ! c ud).
T h e b e s t w ay to probe for new physics is to employ observables which a r e easy to measure, have small SM uncertainties, and are likely to be sensitive t o new interactions. New physics may manifest itself in the B system in several ways, for example, inconsistencies with the SM may b e f o u n d b e t ween precision measurements of the sides and angles of the unitarity triangle, in rare decays, in B meson mixing, or in processes which are predicted to vanish in the SM.
In particular, one would expect large e ects from new interactions in 1-loop processes or in observables which are suppressed in the SM. 
where q 2 represents the momentum transferred to the lepton pair. The nextto-leading order (NLO) analysis for this decay has been performed in Buras et al. 7 The 1=m 2 b and 1=m 2 c heavy quark corrections have been computed and are found to be small. 8 The resulting inclusive branching fractions are found to be (6:25 +1:04 ;0:93 ) 10 ;6 , ( 5 :73 +0:75 ;0:78 ) 10 ;6 , a n d ( 3 :24 +0:44 ;0:54 ) 10 ;7 for`= e , a n d , respectively. Measurement of the kinematic distributions 11 12 associated with the nal state lepton pair in B ! X s`+`; as well as the rate for B ! X s allows the determination of the sign and magnitude of all the Wilson coe cients for the contributing operators in a model independent fashion. We h a ve performed a Monte Carlo analysis in order to ascertain how m uch q u a n titative information will be obtainable at future B-Factories and follow the procedure outlined in Ref. 13 . For the process B ! X s`+`; , w e consider the lepton pair invariant mass distribution and forward-backward asymmetry 11 for`= e , and the tau polarization asymmetry 12 for B ! X s + ; . A three dimensional 2 t to the coe cients C 7 9 10 ( ) is performed for three values of integrated luminosity, 3 10 7 , 10 8 , and 5 10 8 B B pairs, corresponding to the expected e + e ; BFactory luminosities of one year at design, one year at an upgraded accelerator, and the total accumulated luminosity at the end of these programs. The 95% C.L. allowed regions (including statistical errors only for B ! X s`+`; and a at 10% error on B ! X s ) as projected onto the C 9 ( );C 10 ( ) and C 7 ( ); C 10 ( ) planes are depicted in Figs. 2(a-b) , where the diamond represents the central value for the expectations in the SM. We see that the determinations are relativelypoorfor3 10 7 B B pairs and that higher statistics are required in order to focus on regions centered around the SM.
The presence of new physics may be probed via this global t by discovering that either the values of the Wilson coe cients are altered from their SM predictions, or by obtaining a poor 2 for the t, indicating that the operator basis must be extended.
Supersymmetric E ects in b ! s Transitions
These model independent bounds can be compared with model dependent p r edictions for the Wilson coe cients in order to ascertain at what level speci c new interactions can be probed. First, we consider supersymmetric extensions to the SM. Supersymmetry (SUSY) contains many potential sources for avor violation. The spectroscopy o f t h e supersymmetric states is quite model dependent and we analyze two possibilities. The rst is the familiar minimal supergravity model in this instance all the supersymmetric states follow f r o m a common scalar mass and a common gaugino mass at the high scale. The second case is where the condition of common scalar masses is relaxed and they are allowed to take on uncorrelated values at the low scale while still preserving gauge invariance. e ects for the parameters R i can be estimated for a superparticle spectrum, independent of the high scale assumptions. The most important features which result in large contributions are a lightt 1 state present in the SUSY spectrum and at least one light c hargino state. For the dipole moment operators a light Higgsino state is also important. A pure higgsino and/or pure gaugino state have less of an e ect than two mixed states when searching for maximal e ects in R 9 and R 10 . Fig. 4 displays the maximum contribution to R 9 10 versus an applicable SUSY mass scale. The other sparticle masses which a r e n o t s h o wn (t i ,l L , etc.) are ch o s e n t o b e j u s t a b o ve the reach of LEP II or the Tevatron, whichever yields the best bound. We see that the maximum size of R 9 10 is somewhat larger than what was allowed in the minimal supergravity m o d e l , due to the lifted restriction on mass correlations. Given the sensitivity of the observables it is instructive to narrow our focus to the coe cient of the magnetic dipole operator. The rst case we examine is that where the lightest chargino is a pure Higgsino and the lightest stop is purely right-handed: 1 H ,t 1 t R . The resulting contribution to R 7 is shown as a function of thet R mass in Fig. 5 (dashed line) for the case of m 1 > M W . Note that the SUSY contribution to C 7 (M W ) in this limit always adds constructively to that of the SM. Next we examine the limit where the light chargino is a pure Wino, this contribution is shown in Fig. 5 (dotted line). Our third limiting case is that of a highly mixedt 1 state. We nd Lastly, w e compare the reach o f r a r e B decays in probing SUSY parameter space with that of high energy colliders. We examine a set of ve points in the minimal supergravity (SUGRA) parameter space that were chosen at Snowmass 1996 14 for the study of supersymmetry at the NLC. Point # 3 i s t h e so-called \common" point used for a comparison of SUSY studies at the NLC, LHC, and Tev33. Once these points are chosen the sparticle mass spectrum is obtained, as usual, via the SUGRA relations and their contributions to B ! X s can be readily computed. The results are displayed in the R 7 ; R 8 plane in Fig. 6 (labeled 1 ; 5 for each SUGRA point), along with the bounds previously obtained from our ts to the present CLEO data and to anticipated future data assuming the SM is realized. We see that four of the points should be discernable from the SM in future measurements, and that one of the points is already excluded by CLEO! We t h us conclude that rare B decays are indeed complementary to high energy colliders in searching for supersymmetry. The Left-Right Symmetric Model (LRM), which is based on the extended electroweak gauge group S U(2) L S U(2) R U(1) can lead to interesting new e ects in the B system. 15 16 Due to the extended gauge structure there are both new neutral and charged gauge bosons, Z R and W R , a s w ell as a right-handed gauge coupling, g R , w h i c h is subject to the constraint 0 :55 < g R =g L < 2:0 from naturalness and GUT embedding conditions. After complete symmetry breaking the charged W R mixes with the SM W L to form the mass eigenstates W 1 2 (where W 1 is the state which is directly produced at the Tevatron and LEP II). This mixing is described by t wo parameters: a real mixing angle and a phase . In most models tan is naturally of order of the ratio of masses r = M 2 1 =M 2 2 , or less, in the limit of large M 2 . The charged current i n teractions of the right-handed quarks are governed by a r i g h t-handed CKM matrix, V R , which, in principle, need not be related to its left-handed counterpart V L . V R will then involve 3 new angles as well as 6 additional phases, all of which a r e a p r i o r i unknown parameters. Phenomenological constraints on the LRM are quite sensitive t o v ariations of V R . If one assumes manifest left-right symmetry, that is V R = V L and = 1 , then the K L ; K S mass di erence implies that M R > 1:6 T eV. However, if that assumption is relaxed and V R (as well as ) is allowed to vary then W R masses as low as 500 GeV can be accomodated by present data. This implies that the magnitude of tan is few 10 ;2 .
Clearly, this model contains many additional sources of CP violation. In addition, the in uence of the LRM may be felt in both tree and loop-level B decays. In particular, the possibility of a large right-handed component i n the hadronic current describing b ! c transitions has long been a subject of discussion. 15 Here we examine the possibility of using the rare decays B ! X s and B ! X s`+`; as a new tool in exploring the parameter space of the LRM.
The exchange of a W R within a penguin or box diagram, in analogy with the SM W L exchange, can lead to signi cant deviations from the SM predictions for the rates and kinematic distributions in these decays.
In the LRM the complete operator basis governing b ! s transitions in Eq. (4) must be expanded to
This includes the right-handed counterparts to the usual 10 purely left-handed operators, as well as two pairs of additional four-quark operators of mixed chirality. The 2 subsets of left-and right-handed operators, O 1;12L R are decoupled and do not mix under REG evolution. The decay B ! X s , w h e r e the operators O 1;8 11 12(L R) contribute, has been studied in some detail. 16
In particular it was shown that the left-right mixing terms associated with tan 6 = 0 can be enhanced by a helicity ip factor of m t =m b and can lead to signi cantly di erent predictions from the SM even when V L = V R and W 2 is heavy. This is depicted in Fig. 7 from Rizzo. 16 It is also clear from the gure that not only is the SM result is essentially obtained when tan = 0, but also that a conspiratorial solution occurs when tan ' ; 0:02. From the B ! X s perspective, these two cases are indistinguishable, independent o f a n y further improvements in the measurement of the branching fraction.
LRM e ects in B ! X s`+`; have recently been examined in Ref. 17 where it is found that the observables associated with this decay can distinguish the LRM from the SM. Here, all 24 operators in Eq. (8) participate in the renormalization. The determination of the matching conditions at the electroweak scale for these 24 operators is tedious due to the large number of parameters, and in addition to new tree graphs, 116 one-loop diagrams must be evaluated. It is found that this decay can easily distinguish the LRM from the SM, even for the parameter space region which mimics the SM rate for B ! X s . The extension of the operator basis in Eq. (8) implies that the conventional model independent determination of the Wilson coe cients discussed above w i l l n o t apply in this case. In fact, this global t technique has recently been shown to fail 17 for the LRM, resulting in enormous values of 2 =d:o:f:, and hence provides a powerful probe for the existence of new operators.
Conclusions
This talk focused on supersymmetric and left-right symmetric model e ects, as well as model independent tests for new physics, in rare B decays. Of course, there are numerous other candidates for physics models beyond the SM, as well as many other reactions where they can be tested. A brief compendium of these is given in Table 1 . Here, we display the e ects of (i) Multi-Higgs-Doublet Models (MHDM), with and without Natural Flavor Conservation (NFC), (ii) the Minimal Supersymmetric Standard Model (MSSM), and the supersymmetric models with squark alignment, e ective SUSY scales, and R-parity violation, (iii) the LRM, with and without manifest left-right symmetry in the quark mixing matrices, (iv) a fourth generation, and (v) models with Z- In conclusion, we see that the B sector can provide a powerful probe, not only for the existence, but also for the structure of physics beyond the SM. 
